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Abstract 
Sodalite has been taken into account as a matrix for conditioning chloride salt wastes coming from 
pyroprocesses. The present paper illustrates the research activities finalized to demonstrate the feasibility of 
sodalite synthesis through the Pressureless Consolidation (PC) process, proposed by Idaho National Laboratories 
(INL) in USA. A homogeneous powder of nepheline, chloride salts and glass frit was put into an alumina 
crucible and slightly pressed with another alumina crucible of a smaller diameter, inside which a stainless steel 
bar had been inserted. The entire assembly was introduced in a furnace inside an Argon-atmosphere glove-box 
and heated at 925°C for 7 hours. The product obtained has then been characterized by means of density 
measurements, thermal analysis, stereomicroscopy observations, as well as FTIR and XRD. The latter correspond 
to the ones of sodalite reported in the spectral library. Leach tests under static conditions according to ASTM 
C1285-02 (reapproved 2008) have been carried out and successfully compared with those obtained by INL.  
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1. Introduction 
In the past, processing of the ceramic waste form incorporating chloride salt wastes from pyroprocesses has 
been accomplished at high temperatures (up to 850°C) and high pressures (up to 25,000 psi) using a hot isostatic 
press (HIP). However, research into the use of Pressureless Consolidation (PC) has been conducted in recent 
years by Idaho National Laboratories as an alternative to HIPing >1@. The trend from HIP to PC processed 
wasteforms stems from the engineering difficulty of placing a full sized HIP, capable of producing 400 kg 
wasteforms in a hot cell. In the PC process the mixture of a zeolite loaded with chloride salt wastes and glass frit 
is placed into a PC can assembly, made up of the stainless steel PC can, a can extension made of graphite, and a 
stainless steel setter plug. The can assembly is filled with the salt loaded zeolite/glass frit mixture, in order to 
produce a fully loaded can once the PC processing is complete. A full can assembly is placed in the PC furnace 
and the furnace is brought up to 925°C where the zeolite 4A is converted to sodalite. The time of the thermal 
treatment is dependent on the size of the waste form. Once the PC process is completed, the can extension is 
parted from the PC can, the setter plug is removed, and a lid is welded on the PC can. Pressureless consolidation 
differs from hot isostatic pressing in that the process operates under ambient pressures and a different style can is 
used. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Process flow diagram for Pressureless Consolidation process at INL 
Another important aspect of the new flow-sheet developed at INL (Fig. 1) is that only part of the contaminated 
salt is removed from the electrorefiner (ER) and replaced by freshly prepared eutectic at a rate to maintain the 
plutonium inventory below a given limit. Salt, as received from the ER (from where it is removed via a dipping 
assembly), is in truncated cones which are crushed and ground to a particle-size range of 45 to 250 Pm. After 
that, salt is mixed with zeolite 4A (previously ground and dried), into a v-mixer, which is heated to 500°C for 15 
hours, during which the salt is absorbed into the zeolite. After cool down of the mixer, glass frit, particle size 
range 45-250 Pm, is added at 25 wt% and cool mixed for an hour. The salt loaded zeolite/glass frit mixture is 
unloaded from the v-mixer into a storage can in preparation for the PC furnace. 
2.  Experimental 
The synthesis of sodalite has been made by following a method previously optimized >2@, starting from 
kaolinite through nepheline, according to the following reactions: 
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Al2Si2O7 . 2H2O + 2NaOH  o 2NaAlSiO4 + 3H2O      (1) 
          Kaolinite                Nepheline 
6NaAlSiO4 + 2 (Li, K)Cl o Na6(Li, K)2[(AlO2)6(SiO2)6]Cl2     (2) 
        Nepheline                  Sodalite 
 
As proposed in the American process, glass frit has been added to the initial reagents before heating, in order 
to have a more consistent product. The various components have been mixed and milled at ambient temperature, 
with the following proportions: Chloride Salt Waste (CSW): 8.7%; Nepheline (NE): 66.3%; Glass Frit (GF): 
25.0%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Picture showing the components used in the PC experiments (left), together with a sample obtained 
 after heating at 925°C for 7 hours (right) 
The powder (about 6 grams) was put into an alumina crucible and slightly pressed with another alumina 
crucible of a smaller diameter, inside which a stainless steel bar of about 280 g had been inserted (Fig. 2). The 
entire assembly has been introduced into a little furnace inside an Ar-atmosphere glove-box. The furnace 
temperature has been raised  at 10°C/min to 500°C where it has been held for about one hour, in order to allow 
any residual moisture to evaporate. The temperature was then raised to 925°C for 7 hours. 
The final product appeared quite homogeneous, and showed pores on each surface (Fig. 3). After synthesis it 
was crushed and powdered for the following tests and analysis. In particular, the fraction in the range 63-125 Pm 
was used for leach tests under static conditions.  
 
 
Fig. 3. Stereomicroscopy pictures of the product broken into two pieces, showing homogeneous matrix and pores 
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2.1. Characterization tests 
Density measurements, made with helium picnometry gave a result of 2.122 g/cc. The termogravimetric 
analysis (Fig. 4) showed a trend similar to that of sodalite, with a consistent residue after 1200°C, due to the 
oxides of glass frit. 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Thermogravimetric analysis of  sodalite from pressureless consolidation process 
The FTIR and XRD spectra made on the powder obtained by grinding the consolidated product were 
successfully compared to the ones made on sodalite prepared according to the hot isostatic pressing method, HIP 
(Figs. 5 and 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Comparison of FTIR spectra for PC and HIP samples 
 
 
 
 
Fig. 6. XRD spectra of sodalite according to HIP (top) and PC (bottom) method 
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2.2. Leach tests 
Twelve leaching tests were performed for six contact times (1-7-15-30-90-150 days) at room temperature (23 
± 2°C) and in an oven at 90° ± 2°C on sodalite powder. Following the ASTM C1285-02 procedure >3@, each 
leaching test was performed in pre-cleaned polytetrafluoroethylene (PTFE) bottles (150 mL). The sample test 
bottle containing 1 g of sodalite in 20 mL of ultrapure water and the reference test bottle containing 20 mL of 
ultrapure water (blank), were both stored at the desired temperature and contact time. Each sample test bottle was 
weighted before and after the test in order to verify that the mass loss was not grater than 5% of the original 
leachant mass. At the end of the contact time the liquid phase was separated from the solid phase and divided in 
two fractions. One fraction was used for the pH measurement. The other fraction, previously filtered by 0.45 ȝm 
polyethersulfone (PES) SUPOR membrane and suitably diluted in 1% ultrapure nitric acid, was analysed by ICP-
MS calibrated in the range 0-100 ȝg/L. The measured concentrations of Li, Na, Al, Si, K present in the leachate 
were corrected by subtracting the measured background concentration of the blank samples and considering the 
loss in terms of final volumes as per ASTM calculation procedure. The PES membrane filters were previously 
tested for sorption / release of the elements of interest by filtering ultrapure water and standard solutions and by 
comparing the concentrations of the element of interest before and after filtration. No sorption or release was 
observed for Li, Na, Al, Si, K. 
In order to quantify the amount of mass loss for each element, the normalized release rate NLi for each 
element “i” has been estimated according to the following expression (Fig. 7):  
 
)/( VSAf
c
NL
i
i
i 
      (3) 
where: 
NLi = normalized release, g  m-2; 
ci = concentration of element “i” in the leachate, g / L; 
fi = fraction of element “i” in the unleached waste matrix sample, unitless;  
SA/V = surface area of the waste matrix sample divided by the leachate volume, m2 / L. 
 
The normalized release rate NRi for each element “i” has been estimated according to the following expression 
(Fig. 8):  
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where: 
NRi = normalized release rate, g  m-2  day-1; 
ci = concentration of element “i” in the leachate, g / L; 
fi = fraction of element “i” in the unleached waste matrix sample, unitless;  
SA/V = surface area of the waste matrix sample divided by the leachate volume, m2 / L; 
t = time duration of test  
 
The data obtained are also reported as percentage of release (dimensionless) (Fig. 9): 
 
(6 ai / a0)  100     (5) 
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where: 
ai = weight in kilograms of each constituent leached during each leaching interval 
a0 = weight in kilograms of the ith constituent initially present in the sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Normalized release at 23 C (left) and 90 C (right) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Normalized release rate at 23 C (left) and 90 C (right) 
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Fig. 9. Percentage of release at 23 C (left) and 90 C (right) 
SEM investigations have been carried out on the sodalite powder before and after leaching tests, in order to 
check its status. Some results are reported in Fig. 10. In particular, the effect of the leaching process on the 
surface of the sodalite grains at 90 °C from 30 to 150 days is evidenced. After 30 days the surface is more 
irregular and an underneath structure can be discerned (Fig. 10 a). After 150 days small holes appear on the 
surface of the sodalite (Fig. 10 b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. (a) Surface of sodalite grains after 30 (a) and 150 days leaching (b) at 90 ± 2°C (20000x) 
 
The results from the present study have been compared  in Table 1 to those reported by Idaho National 
Laboratory >1@. They are referred to 7 days leaching at 90°C and are expressed as Normalized Release, gm-2. 
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Table 1. Normalized release (gm-2) after 7 days leaching at 90 ± 2°C 
Element INL This study 
Al 0.045 0.078 
Si 
Li 
Na 
0.047 
0.59 
0.39 
0.140 
0.547 
0.67 
 
As shown, the results are comparable for both matrix elements (Al, Si) and salt elements (Li, Na).  
 
3. Conclusions 
Sodalite was successfully synthesized at a laboratory scale from kaolinite through nepheline, according to the 
pressureless consolidation method. The characterization tests made on powdered samples by means of density 
measurements, stereomicroscopy, thermal analysis, FTIR and XRD spectra, gave results which well fit with those 
reported in the literature. No significant difference was found with respect to the product obtained with the hot 
isostatic pressing method. Leach tests made under static conditions are comparable with those reported by Idaho 
National Laboratory. Further improvements, however, could be obtained with a more accurate choice of the glass 
frit. 
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